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INTRODUCTION	  
	   	   	   Integrin	   receptors	   are	   ubiquitously	   expressed	   transmembrane	   adhesion	  
molecules,	   mediaBng	   the	   aQachment	   between	   a	   cell	   and	   the	   Bssues	  
surrounding	   it.	   Integrin	   signaling	   plays	   important	   roles	   in	   numerous	  
biological	  processes,	   including	  maintenance	  of	  normal	  cellular	   funcBon	  and	  
essenBal	  homeostasis.	   In	   addiBon,	   integrin	   signaling	   is	   also	   involved	   in	   the	  
metastasis	  of	  cancer	  cells	  by	  changes	  in	  normal	  cell	  adhesion	  and	  migraBon	  
regulaBon.	  	  The	  bidirecBonal	  signaling	  capability	  of	  integrin	  receptors	  allows	  
for	   both	   inside-­‐out	   and	   outside-­‐in	   cellular	   signaling.	   To	   date,	   therapeuBc	  
approaches	   targeBng	   extracellular	   integrin	   domains	   has	   shown	   limited	  
success.	  	  	  	  	  
	  	  	  	  	  	  	  Here,	  we	  examine	  a	  key	  interacBon	  of	  a	  mechanism	  resulBng	  in	  adverse	  
integrin	  acBvaBon	  and	  changes	  in	  regulaBon	  mediated	  via	  inside-­‐out	  integrin	  
signaling.	   Rap1,	   a	  member	  of	   the	  Ras	   superfamily	   of	  GTPases,	   recruits	   the	  
MRL-­‐family	   protein,	   Rap1-­‐interacBng	   adaptor	   molecule	   (RIAM),	   to	   the	  
plasma	  membrane.	  Downstream,	  RIAM	  recruits	  the	  cytoplasmic	  protein	  talin	  
up	  to	  the	  plasma	  membrane,	  where	  the	  high	  affinity	  of	  talin’s	  F3	  region	  for	  
integrin’s	   β-­‐cytoplasmic	   tail	   allows	   for	   an	   interacBon	   and	   subsequent	  
integrin	  acBvaBon.	  	  
	   	   	   	   	   	   	  Knockdown	  studies	  have	  shown	  that	  talin	  does	  not	  translocate	  to	  the	  
plasma	  membrane	  without	  RIAM	  recruitment.1	  Talin	  is	  normally	  cytoplasmic	  
and	  in	  an	  auto	  inhibitory	  configuraBon,	  where	  its	  integrin	  interacBng	  domain	  
is	   masked.	   We	   hypothesize	   that	   the	   interacBon	   between	   RIAM	   and	   talin	  
induces	   a	   steric	   conflict	   with	   the	   talin	   auto	   inhibitory	   configuraBon,	   thus	  
releasing	  talin	  from	  its	  auto-­‐inhibiBon	  state.	  	  
	   	   	  The	  N-­‐terminus	  of	  RIAM	  (residues	  1-­‐30)	  has	  been	  shown	  to	  bind	  to	  talin.2	  
In	  this	  study,	  we	  aim	  to	  elucidate	  the	  mechanism	  of	  the	  interacBon	  between	  
talin	   and	   the	   RIAM	   talin-­‐binding	   (TB)	   region	   via	   structural	   and	   molecular	  
studies.	   In	   doing	   so,	   we	   will	   redefine	   the	   minimum	   TB	   region	   capable	   to	  
binding	  to	  talin.	  Our	  research	  will	  also	  provide	  a	  means	  of	  manipulaBng	  the	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Figure	  1.	  Basic	  mechanism	  of	  Rap-­‐1	  induced	  integrin	  ac.va.on	  pathway.	  
(A)	  Natural	  state:	  InacBve	  Rap1	  (GDP-­‐bound),	  RIAM	  is	  cytoplasmic,	  talin	  is	  cytoplasmic	  and	  in	  
auto	   inhibitory	   configuraBon,	   integrin	   receptor	   is	   in	   low	   affinity	   conformaBon.	   (B)	   AcBve	  
Rap1	  (GTP-­‐bound)	  recruits	  RIAM	  to	  the	  plasma	  membrane.	  (C)	  RIAM	  bound	  to	  Rap1-­‐GTP	  and	  
at	  the	  plasma	  membrane	  recruits	  talin	  to	  the	  plasma	  membrane.	  (D)	  Talin	  FERM	  domain	  (F0,	  
F1,	  F2,	  F3)	  is	  released	  from	  auto-­‐inhibiBon	  state	  and	  acBvates	  the	  integrin	  receptor.	  
	  	  	  
Figure	   3.	   Redefining	   RIAM	   minimum	   TB	   region.	   (A)	   SchemaBc	  
architecture	   of	   RIAM.	   FL-­‐RIAM	   has	   666	   residues	   and	   is	   ~100kDa.	  
Recombinant	   RIAM	   TB	   region	   truncaBons	   were	   GST-­‐tagged	   and	  
expressed	   in	   E.coli	   BL21;	   talin	   R8	   was	   His-­‐tagged.	   	   Constructs	   were	  
purified	  via	  affinity	  chromatography.	  (B)	  NaBve	  gel	  shif	  assay	  of	  RIAM	  
C-­‐terminus	  truncaBon	  mutants.	  TB(1-­‐30)	  +	  R8	  used	  as	  posiBve	  control;	  
GST	  used	  as	  negaBve	  control.	  TB(1-­‐25)	  +	  R8	  show	  a	  band	  shif,	  which	  
indicates	   a	   complex	   formaBon.	   	   (C)	   NaBve	   gel	   shif	   of	   RIAM	   N-­‐
terminus	  truncaBon	  mutants.	  Controls	  as	  described	  in	  (B).	  TB(10-­‐30)	  +	  
R8	   and	   TB(6-­‐30)	   +	   R8	   both	   show	   a	   band	   shif,	   indicaBng	   a	   complex	  
formaBon.	  (D)	  GST	  pull	  down	  assay	  of	  RIAM	  TB	  truncaBon	  constructs.	  
Results	   are	   visualized	   via	   Coomassie	   strain	   and	   an	   associaBon	   is	  
confirmed	   with	   the	   appearance	   of	   the	   R8	   band.	   GST	   +	   R8	   was	   the	  
negaBve	   experimental	   control	   and	   TB(1-­‐30)	   +	   R8	   was	   the	   posiBve	  





v The	  α-­‐helical	  bundle	  R3	  domain	  and	  R8	  domain	  of	  talin	  bind	  to	  
RIAM	  TB	  region,	  with	  R8	  having	  highest	  affinity.	  	  
v RIAM	  TB	  truncaBon	  mutants	  TB(10-­‐30)	  and	  TB(1-­‐25)	  maintain	  
binding	  affinity	  to	  talin	  R8.	  Redefined	  minimum	  TB	  region	  as	  
TB(6-­‐25).	  	  
v RIAM	  TB	  mutaBon	  D9A	  has	  diminished	  binding	  affinity	  to	  talin	  R8;	  
MutaBon	  D20A	  abolishes	  binding	  affinity,	  thus	  is	  a	  crucial	  RIAM	  TB	  
residue	  for	  talin	  recruitment.	  	  	  
	  
v Charge	  reversal	  point-­‐mutant	  studies	  to	  verify	  importance	  of	  
charge-­‐charge	  interacBons	  in	  formaBon	  of	  talin:RIAM	  complex.	  
v RIAM	  TB	  +	  talin	  structural	  studies	  to	  examine	  side-­‐chain	  
interacBons	  at	  atomic	  level	  via	  X-­‐	  ray	  crystallography.	  	  
v  CrystallizaBon	  trials	  and	  condiBons	  opBmizaBon	  
v  High	  resoluBon	  crystal	  structure	  
v In-­‐cell	  studies	  of	  RIAM	  TB	  +	  R8	  in	  HEK293T	  cells	  to	  compliment	  in-­‐
vitro	  data	  with	  a	  cell	  model.	  	  	  
v Studies	  of	  TBII	  site	  as	  described	  by	  Goult	  et	  al.	  (JCB	  2013).	  	  
v  Test	  TBSII	  residues	  with	  talin	  R3	  as	  well	  as	  R8	  
	  
	  
Figure	   2.	   Mapping	   affinity	   of	   talin	   domains	   for	   interac.on	   with	  
RIAM	  TB	  region.	  
It	  has	  been	  demonstrated	  that	  the	  N-­‐terminus	  30	  amino	  acid	  residues	  
of	   RIAM	   mediate	   binding	   to	   talin.	   However,	   talin	   domains	   with	  
highest	   affinity	   involved	   in	   the	   interacBon	   with	   the	   RIAM	   TB(1-­‐30)	  
region	  are	  unknown.	   (A)	   SchemaBc	  architecture	  of	   talin	  protein.	   FL-­‐
talin	  has	  2540	  residues	  and	  is	  ~270kDa.	  (B)	  A	  series	  of	  systemaBc	  talin	  
truncaBons	  were	  constructed	  to	  map	  the	  TB	  binding	  domains	  of	  talin.	  
In-­‐cell	   pull	   down	  assay	  was	  done	  using	  GST-­‐tagged	  RIAM	  TB	  as	  bait	  
protein.	  R7R8	  and	  R3	  were	  idenBfied	  to	  bind	  to	  RIAM	  TB.	  (C)	  In-­‐vitro	  
naBve	   gel	   shif	   assay	   to	   verify	   a	   direct	   interacBon	   between	   RIAM	  
TB(1-­‐30)	  with	  R7R8	  and	  R8,	  using	  RIAM	  TB	  pepBde.	  (D)	  GST	  pull	  down	  
assay	   to	   further	  confirm	   interacBon.	  Talin	  head	   (TH)	  and	  T9	  domain	  
used	  as	  controls.	  An	  associaBon	  is	  confirmed	  with	  the	  appearance	  of	  
the	  respecBve	  talin	  domain	  band.	  (E)	  GST	  pull	  down	  assay	  of	  RIAM	  TB	  
with	   talin	   domains	   R3,	   R6,	   R8,	   R10.	   AssociaBon	   confirmed	   as	  
described	  in	  (D).	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Figure	  4.	  Iden.fying	  crucial	  residues	  within	  RIAM	  TB	  region.	  
(A)	   GST	   pull	   down	   assay	   of	   RIAM	   point-­‐mutants.	   Results	   are	   visualized	   via	  
Coomassie	   strain	   and	   an	   associaBon	   is	   confirmed	  with	   the	   appearance	  of	   the	  R8	  
band.	  GST	  +	  R8	  was	  the	  negaBve	  experimental	  control	  and	  TB(1-­‐30)	  +	  R8	  was	  the	  
posiBve	  experimental	  control.	  Lanes	  2,3,5,7,9,11	  are	  loading	  controls.	  (B)	  GST	  pull	  
down	   assay	   of	   RIAM	   point-­‐mutants.	   Experimental	   controls	   as	   described	   in	   (A).	  
Lanes	  2,3,5,7,9,11,13	  are	  loading	  controls.	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